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Abstract  

Data from Mariner 5 ,  the  Soviet p l ane ta ry  probe Venera 4 ,  and 

r ecen t  ground-based measurements have provided much new information and 

permit ted a g r e a t  s t e p  forward i n  our  knowledge of Venus. Although the 

d a t a  from the  var ious  sources genera l ly  complement one another  very w e l l  

t o  provide a f a i r l y  d e t a i l e d  p i c tu re  of the  atmosphere of Venus, s e v e r a l  

s e r i o u s  d iscrepancies  e x i s t  t h a t  s t i l l  r equ i r e  c l a r i f i c a t i o n .  These 

r e l a t e  t o  composition - p a r t i c u l a r l y  oxygen and water  - and t h e  su r face  

p re s su re  and temperature.  On the p o s i t i v e  s i d e ,  i t  i s  now c l e a r  t h a t  

t h e  atmosphere i s  very dry ,  w i t h  g r e a t  pressure  and high temperature a t  

t h e  sur face .  It a l s o  appears  increas ingly  probable t h a t  t he  greenhouse 

theo ry  can account f o r  t he  v e r y  h igh  su r face  temperature. The most 

l i k e l y  explana t ion  f o r  t he  clouds i s  t h a t  they  a r e  of  convective type 

c o n s i s t i n g  of i c e  c r y s t a l s  and with tops  near  t h e  0.2 atm p res su re  l eve l .  



The descent  s t a g e  of the Soviet s p a c e c r a f t ,  Venera 4 ,  has provided 

t h e  f i r s t  d i r e c t  measurements i n  the atmosphere of Venus. 

ments a r e  n i c e l y  supplemented by measurements made from the  American 

s p a c e c r a f t ,  Mariner 5 ,  a s  i t  flew p a s t  t he  p l ane t .  Fu r the r ,  ground- 

based measurements provide add i t iona l  valuable  information t h a t  permits  

t h e  development of a reasonably d e t a i l e d  p i c t u r e  of the atmosphere of  

Venus - probably more d e t a i l e d  than can be developed f o r  Mars a t  t h i s  

time . 

These measure- 

The Soviet  measurements (Nikiforoff ,  1967; Davydov, 1968; Vakhmin, 

1968; Avduevsky, 1968) indicated a nea r ly  dry a d i a b a t i c  l apse  r a t e  be- 

tween t h e  p re s su re  levels 18.5 and 0.72 atm, where t h e  temperatures 

were 544'K and 298'K respect ively.  

mainly carbon dioxide (approximately 90% o r  h i g h e r ) ,  and the atmosphere 

w a s  very d ry ,  l e s s  than 0.7% w a t e r  vapor (Vinogradov, 1968). The upper 

level of measurement was i d e n t i f i e d  a s  occuring a t  an a l t i t u d e  of 26 km; 

th i s  determinat ion was made by a r a d i o  a l t i m e t e r  which gave a r e p e t i t i v e  

response i n d i c a t i n g  t h a t  t he  descent s t a g e  was e i t h e r  above o r  below an 

a l t i t u d e  o f  26 km, and it  changed from i n d i c a t i n g  above 26 km t o  below 

26 km j u s t  a f t e r  the parachute  on the instrument capsule opened. 

l a s t  p o i n t  of  observat ion,  where t h e  pressure was 18.5 a t m ,  was deduced 

t o  be a t  t he  s u r f a c e  on the basis of i n t e g r a t i o n  downward of the baro- 

metr ic  equat ion from the 26-km l e v e l  i nd ica t ed  by the r ad io  a l t i m e t e r ,  

and a l s o  from the  ca l cu la t ed  r a t e  of  f a l l  f o r  t he  parachute from t h a t  

l e v e l ;  i f  t he  observat ions were not  a c t u a l l y  terminated a t  the s u r f a c e ,  

t h e n  i t  i s  a coincidence t h a t  the s i g n a l s  f a i l e d  a t  j u s t  t h a t  a i t i c u d e  

The composition was observed t o  be 

The 
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where t h e  su r face  should have been expected t o  be on the b a s i s  of the 

r a d i o  altimeter i n d i c a t i o n  a t  the beginning of t he  measurement period. 

The i n d i c a t i o n  from Venera 4 t h a t  t he  s u r f a c e  p re s su re  i s  18.5 atm 

i s  i n  disagreement with t h e  Mariner 5 observat ions when they a r e  combined 

with r ada r  da t a  on the r ad ius  of Venus. For example, t he  0.72 atm pres-  

s u r e  l e v e l  was found from Mariner 5 t o  l i e  a t  a p l a n e t o c e n t r i c  d i s t a n c e  

of  6114 km on the  n i g h t s i d e  and 6109 km on the  dayside (Kliore  e t  a l . ,  

1967). The radar  r ad ius  of  the p l a n e t  i s  6056 km (Ash e t  a l .  , 1967), 

i n d i c a t i n g  an a l t i t u d e  of 58 km f o r  t h e  0.72 atm p res su re  l e v e l  on t h e  

n i g h t s i d e ,  whereas t h e  Soviet  f i gu re  f o r  t he  a l t i t u d e  of t h i s  p re s su re  

l e v e l  i s  26 km. Thus, t he re  i s  a discrepancy of 32 km between the  a l -  

t i t u d e  s c a l e s  determined by t h e  Soviet  r a d i o  a l t i m e t e r  (and by t h e  ter-  

minat ion of t ransmissions from the e n t r y  capsule) and the Mariner 5 

t r a j e c t o r y  d a t a  combined w i t h  radar d a t a  on the  r ad ius  of Venus. 

c e r t a i n t i e s  i n  t h e  t i m e  of  c l o s e s t  approach change t h e  Mariner s c a l e  

somewhat, and t h e  d i s t a n c e  s c a l e  on the  n i g h t s i d e  has  been decreased by 

about 7 km (Kliore ,  1968), decreasing the discrepancy t o  25 km. 

th i s  adjustment of t h e  a l t i t u d e  s c a l e  should a l s o  apply t o  the  dayside 

of  the p l a n e t ,  but  with opposite s ign .  

i n s t e a d  of being 5 km h ighe r  on the  n igh t s ide  than on the  dayside as 

i nd ica t ed  above, apparent ly  i s  now ind ica t ed  t o  be 9 km h ighe r  on the  

dayside than on the  n i g h t s i d e  - a d i f f e r e n c e  t h a t  i s  unacceptable from 

the s tandpoint  of atmospheric physics. 

c o r r e c t i o n  i n  a l t i t u d e  s c a l e  i s  an over c o r r e c t i o n ;  2 .5  km should be 

c l o s e  t o  the  c o r r e c t  value unless  t h e r e  i s  an inconsis tancy between the  

d2:yside 2nd n i g h t s i d e  s c a l e s  presented by Kl io re  e t  a l .  (1967). 

new d a t a  on the  r a d a r  r a d i u s  i n d i c a t e  a s t i l l  sma l l e r  value a s  most 

Un- 

However, 

Thus, the 0 . 7 2  atm pressure l e v e l ,  

From t h i s  viewpoint, the 7 km 

Fur the r ,  
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probable ,  6050 km (Smith, 1968) ; t h i s  tends t o  

so  i t  may be a s  l a rge  a s  35 km. However, t h i s  

somewhat wi th  f u r t h e r  t r a j e c t o r y  a n a l y s i s .  

i nc rease  t h e  d iscrepancy ,  

number i s  l i k e l y  t o  change 

It does not  appear l i k e l y  tha t  t he  d i f f e rence  i n  a l t i t u d e  s c a l e s  

can be explained by t h e  landing  of t he  Soviet  capsule  on a mountain 

o r  o the r  h igh  ground. The required e l e v a t i o n  appears unreasonable ,  

e s p e c i a l l y  i n  view of the  h igh  sur face  temperature and the  probable  

ex i s t ence  of near  molten condi t ions  not  f a r  below the  sur face .  

I f  t he  su r face  of Venus i s  a c t u a l l y  some 35 km below the p o i n t  where 

t h e  l a s t  Soviet  measurement was made, t he  sur face  p re s su re  must be f a r  

i n  excess  of t he  18.5 atm measured i n  Venera 4,  and the  temperature  pro- 

bably considerably i n  excess of 544'K. 

agreement with t h e  microwave emission spectrum from the  p l a n e t .  The 

microwave emission cannot be completely accounted f o r  by a su r face  tem- 

p e r a t u r e  a s  cool a s  544'; i t  f i t s  b e t t e r  wi th  a temperature of 650 o r  

700'K (Kuzmin, 1968). 

below the  l a s t  Sovie t  measurement, a temperature of 700'K would be 

reached about 17 km below t h a t  l a s t  measurement, and the  p re s su re  t h e r e  

would be about 65 atm. I f  t he  su r face  were 35 km below the  l a s t  Sovie t  

measurement and the  l a p s e  r a t e  remained a d i a b a t i c  a l l  the  way t o  the  

s u r f a c e ,  t he  su r face  temperature would be above 800'K and the  su r face  

p re s su re  would be about 200 atm. 

might change t o  a s t a b l e  d i s t r i b u t i o n  before  reaching the  su r face ,  so 

t h a t  t he  temperature a t  t he  surface might not  exceed 700'K even i f  i t  

were 35 km below the  l a s t  Soviet measurement. 

This could provide a b e t t e r  

I f  the ad iaba t i c  lapse  r a t e  were t o  cont inue 

However, the  a d i a b a t i c  l apse  r a t e  

Thus: the  su r face  pressure and temperature remain i n  doubt. The 

Sovie t  r e s u l t s  a r e  18.5 a t m  and 544'K, but t he  Mariner 5 r e s u l t s ,  combined 
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wi th  r ada r  d a t a ,  i n d i c a t e  t h a t  t h i s  p a r t i c u l a r  p re s su re  l e v e l  and tem- 

p e r a t u r e  occur a t  an a l t i t u d e  near 35 km. 

temperature  t h e r e f o r e  may be i n  excess of 100 atm and 700'K. 

The su r face  p re s su re  and 

The temperature d i s t r i b u t i o n  above the  h ighes t  Soviet  measurement 

can be expected t o  remain d r y  ad iaba t i c  f o r  some d i s t a n c e ,  because t h e  

a i r  i s  very dry. 

d e t e c t o r s  i nd ica t ed  moisture content  i n  excess of 0.1% and 0.05%, where- 

a s  a calcium ch lo r ide  d e t e c t o r  indicated l e s s  than 0.7% (Vinogradov, 

1968). 

be near  4.5% t o  produce s a t u r a t i o n ;  thus  the  Soviet  observat ions i n d i c a t e  

t h a t  t h e  r e l a t i v e  humidity was only a few percent  a t  t h a t  p re s su re  a l -  

t i t u d e .  Therefore ,  i f  mixing were t o  p r e v a i l  up t o  the  top of t he  cloud 

o r  haze l a y e r  where t h e  temperature i s  230°K, the  dry  a d i a b a t i c  l apse  

r a t e  would extend upward t o  t h e  0.2 atm l e v e l .  Even i f  t he  atmosphere 

contained t h e  maximum moisture permitted by the  Soviet  observa t ions  

(0.7%), t he  d e v i a t i o n  from a d r y  a d i a b a t i c  l apse  r a t e  would be very small. 

The cloud tops  may the re fo re  be expected t o  occur a t  an a l t i t u d e  of 34 km 

on t h e  Sovie t  s c a l e  o r  a p l ane tocen t r i c  d i s t ance  of 6115 km on the  Mariner 

5 s c a l e  a s  presented by Kl io re  (1968) - o r  6122 km according t o  the  

s c a l e  ind ica t ed  i n  Science (Kliore e t  a l . ,  1967). I f  a l e s s  s t eep  tem- 

p e r a t u r e  l a p s e  r a t e  than dry ad iaba t i c  were t o  p r e v a i l  near t he  cloud 

l a y e r ,  t he  cloud tops  would have t o  occur a t  a l e s s e r  p re s su re  than 0.2 

atm, o r  a t  a h igher  temperature than  230'K. The spec t roscopic  da t a  of 

0.2 atm and 230°K t h a t  a r e  now gene ra l ly  accepted a s  descr ib ing  condi- 

t i o n s  a t  t h e  cloud tops  a re  not compatible with the  Venera 4 da t a  and 

c4"J --.+Linn --.-..c) -:.rery  differ^_^^+ f r n m  a dry  a d i a b a t i c  l apse  r a t e  up t o  the  cloud 

tops .  This i s  i n  apparent  m i l d  disagreement with the  o c c u l t a t i o n  d a t a ,  

Two phosphorus pentoxide e l e c t r i c a l l y  conductive 

A t  298'K and 0.72 atm, the moisture  content  would have had t o  
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which seem t o  i n d i c a t e  a t r a n s i t i o n  reg ion  between the  a d i a b a t i c  reg ion  

and the  s t r a t o s p h e r e ,  with the  0.2 atm p res su re  l e v e l  f a l l i n g  somewhat 

near  t h e  middle of t he  t r a n s i t i o n  region.  However, the  p o s s i b i l i t y  of 

a double tropopause near  t he  l a t i t u d e  of o c c u l t a t i o n ,  37'N, s i m i l a r  t o  

that  which occurs on Ear th  a t  s imi l a r  l a t i t u d e s ,  confuses the  s i t u a t i o n  

i n  such a way t h a t  i t  i s  d i f f i c u l t  t o  a s s e r t  t h a t  t he  disagreement i s  

s i g n i f i c a n t .  

The most reasonable  expec ta t ion  f o r  t he  composition of t he  cloud 

p a r t i c l e s  appears  t o  be i c e  c r y s t a l s .  The presence of (1) water  vapor 

i n  excess  of 0.1%, (2) convection a s  i nd ica t ed  by the  ex tens ive  region 

wi th  a nea r ly  dry a d i a b a t i c  lapse r a t e ,  and ( 3 )  temperatures near  230' 

a t  t he  top of t he  cloud o r  haze l a y e r ,  c o l l e c t i v e l y  argue f o r  i c e  c r y s t a l s .  

The s t r o n g e s t  argument a g a i n s t  i ce  c r y s t a l s  i s  the  low water vapor conten t  

observed spec t roscop ica l ly  (Kuiper, 1968); t h i s  i n d i c a t e s  a water  vapor 

mixing r a t i o  near  10 above o r  i n  the  upper p o r t i o n  of the  haze l aye r .  

Such a f i g u r e  can be reconci led wi th  the  Soviet  f i gu re  c > l O  ) only i f  

t h e  temperature near  t he  top of t he  haze l a y e r  i s  a s  low a s  about 190'K. 

Although such a suggest ion sounds a l i t t l e  extreme, i t  i s  not n e c e s s a r i l y  

unreasonable ,  and it poss ib ly  provides a means of reconci l ing  the  spec t ro-  

s cop ic  d a t a  wi th  the  Sovie t  d i r e c t  measurements. One might v i s u a l i z e  

cumulus towers reaching t o  the  190'K l e v e l ,  t he  cloud dens i ty  being 

g r e a t e s t  a t  t he  cloud tops ,  but  s t i l l  r e l a t i v e l y  t h i n  by comparison wi th  

cumulus clouds on e a r t h  ( the  ice  c r y s t a l  conten t  of t he  cloud being of 

the order  of a few t e n t h s  of a gram p e r  cubic  meter). The tropopause 

should be near  t he  cloud tops ,  and t h e  a i r  above the  tropopause might 

be ve ry  dr;., simil'r t n  +he s i t u a t i o n  above the  e a r t h ' s  tropopause where 

t h e  water  vapor mixing r a t i o  i s  a s  low a s  about 10 

-6  

- 3  

- 6  , apparent ly  a s  a 
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r e s u l t  of passing through a cold t r a p  of about 190'K a t  t he  t r o p i c a l  

tropopause. 

s p e c t r a l  observat ions should i n d i c a t e ;  appropr i a t e  model c a l c u l a t i o n s  should 

be made t o  see  i f  t h e  spectroscopic  observat ions a r e  c o n s i s t e n t  with a d ry  

s t r a t o s p h e r e  above cold cloud tops. 

popause, with a tropopause temperature of 190'K, might not  be recognizable 

i n  the  i n f r a r e d  measurements. Actually,  t he  ex i s t ence  of limb darkening 

i n  t h e  i n f r a r e d  (Chase e t  a l . ,  1963) i n d i c a t e s  t he  presence of  temperatures 

lower than t h e  230'K bolometric temperature not f a r  above the  cloud tops.  

Under such condi t ions,  i t  i s  no t  e n t i r e l y  c l e a r  what t he  

A f a i r l y  t h i n  cold l a y e r  near  t h e  tro- 

Connes e t  a l .  (1967) have observed 6 x HC1 and HF i n  t h e  

atmosphere of  Venus. This has led t o  specu la t ion  t h a t  t h e  clouds might 

c o n s i s t  of c h l o r i d e  compounds. Ammonium c h l o r i d e  might appear t o  be a l i k e l y  

candidate ,  bu t  ammonia has not been detected a t  t he  5 x 10 l e v e l  (Benedict, 

1968). L e w i s  (1968) has  drawn a t t e n t i o n  t o  the  p o s s i b i l i t y  t h a t  mercury 

compounds, including Hg C1 might c o n t r i b u t e  t o  t h e  clouds,  because mercury 

should be released and vaporized a t  t he  su r face  a s  a r e s u l t  of the high 

temperatures t h e r e .  

-8  

2 2 '  

Dust has  a l s o  been suggested f o r  t he  clouds on Venus. Squires (1968) has 

presented powerful arguments t h a t  the cloud formation should involve the re- 

lease of l a t e n t  heat,,  tending t o  favor the concept of ice  clouds produced by 

convective a c t i v i t y .  It i s  hard t o  imagine how clouds of  d u s t  could be 

raised on Venus, a s  t h e  massive atmosphere must res t r ic t  winds near  t h e  

s u r f a c e  t o  low v e l o c i t i e s .  The h e a t  capac i ty  i s  so  g r e a t  t h a t  d i u r n a l  va r i a -  

t i o n s  cannot exceed about t e n  degrees a t  most, perhaps only a degree o r  two, 

even though the  l eng th  of the Cytherean day i s  very long, 1 1 7  e a r t h  days. 

Shower clouds on e a r t h  produce wind gus t s  t h a t  r a i s e  d u s t ,  but t hese  a r e  not  

t o  be expected on Venus. Probably the most reasonable mechanism t h a t  might 

i n j e c t  dus t  i n t o  the atmosphere i s  volcanic  a c t i v i t y .  However, i t  seems 

improbable t h a t  d u s t  clouds i n  any case could produce the observed h igh  albedo. 
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Above the  cloud tops ,  the temperature must be approximately con- 

s t a n t  up t o  the  atm pressure l e v e l ,  a s  i nd ica t ed  by t h e  5.4 km 

s c a l e  he igh t  observed a t  t he  commencement of  o c c u l t a t i o n  on Mariner 5 

(Kl io re ,  1968). Accepting a molecular weight appropr i a t e  t o  carbon 

d iox ide ,  t he  temperature should b e  about 245'K a t  t h e  10 

level ,  which may be s i g n i f i c a n t l y  h ighe r  than t h a t  a t  t he  cloud tops 

(a s i t u a t i o n  s i m i l a r  t o  t h e  warm upper s t r a t o s p h e r e  a t  t he  corresponding 

- 3  atm p res su re  

p r e s s u r e  l e v e l  on e a r t h ) .  

geocen t r i c  d i s t a n c e  of about 6144 km. A t  h ighe r  l e v e l s ,  the b e s t  e s t i -  

mate of temperature i s  provided by the t h e o r e t i c a l  c a l c u l a t i o n s  of McElroy, 

t h e  upper po r t ion  of which agrees w e l l  wi th  the  temperatures deduced from 

the hydrogen corona observations of  Barth (1968). 

temperature and p a r t i c l e  concentrat ion d i s t r i b u t i o n  i s  shown i n  Figure 1. 

The temperature below 6080 km i s  unce r t a in ,  and p l a u s i b l e  d i s t r i b u t i o n s  

are  shown by t h e  dashed l i n e s .  The p o s s i b i l i t y  of a temperature a s  low 

a s  190'K a t  the cloud tops i s  indicated by a dot ted l i n e .  

The lom3 atm p res su re  level occurs near  a 

A sketch of t h e  probable 

Reference has a l r eady  been made t o  t h e  water vapor quest ion,  where 

t h e  Soviet  measurements i nd ica t e  s e v e r a l  p a r t s  p e r  thousand, while t h e  

spec t roscop ic  d a t a  i n d i c a t e  about a p a r t  p e r  mi l l i on .  Although t h i s  

apparent  discrepancy may possibly be explained by a dry s t r a tosphe re  

model, a c l e a r  r e s o l u t i o n  o f  the quest ion i s  required.  Observations from 

above of  cold cloud tops pene t r a t ing  the  tropopause on e a r t h  might con- 

t r i b u t e  u s e f u l  information. 

The second major quest ion of composition i n  t h e  Cytherean atmosphere 

concerns oxygen. 

t h e ~ s ~ ~ d ,  2 s  i n d i c a t e d  by t h e  burnout of an 800' tungsten fi lament 

(Vinogradov, 1968), whereas spectroscopic da t a  i n d i c a t e  l e s s  than f o r t y  

The Soviet  measurements i n d i c a t e  over four  p a r t s  p e r  
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P a r t s  p e r  m i l l i o n  (Hunten, 1968). Inasmuch a s  no e f f e c t s  a r e  known t h a t  

might change the  p ropor t ion  o f  oxygen i n  the  atmosphere a t  t h e s e  p re s su re  

l e v e l s ,  i t  w i l l  be hard t o  accept t h e  Soviet  r e s u l t  un le s s  i t  i s  confirmed 

by repeated measurement. 

It remains probable t h a t  a f e w  pe rcen t  n i t rogen  may exis t  i n  the  

atmosphere of  Venus; t h i s  i s  a reasonable expec ta t ion  by comparison with 

t h e  development of t h e  atmosphere on Earth,  and such a r e l a t i v e  concen- 

t r a t i o n  has been suggested f o r  Mars (Johnson, 1966). 

The l ack  of water  on Venus remains a very puzzl ing quest ion;  i f  i t  

were p re sen t  o r i g i n a l l y  and los t  through d i s s o c i a t i o n  and hydrogen escape, 

massive ox ida t ion  of t h e  surface would have been required - something 

t h a t  cannot a t  p re sen t  be disproved but  which seems un l ike ly .  

free carbon may have been present  i n  s u f f i c i e n t  q u a n t i t i e s  t o  convert  

t h e  water t o  carbon dioxide by the water gas r e a c t i o n ,  which proceeds 

r e a d i l y  a t  t he  temperatures e x i s t i n g  on Venus. This l ack  of  water i s  

probably t h e  major geochemical question concerning Venus. 

Poss ib ly  

The problem of  water and hydrogen escape l eads  one t o  the hydrogen 

corona, which a l s o  possesses  a puzzling f e a t u r e  - namely, t he  rapid 

increase i n  Lyman alpha luminosity near  t h e  p l a n e t  on the  s u n l i t  s i d e .  

The at tempt  t o  exp la in  t h i s  i n  terms of molecular hydrogen which produces 

Lyman alpha r a d i a t i o n  a f t e r  undergoing a pho tod i s soc ia t ion  (Barth,  1968) 

does n o t  appear t o  be one t h a t  w i l l  be s e r i o u s l y  regarded f o r  very long, 

as the recombination of  atomic species  i n t o  molecular probably cannot 

be accomplished a t  the required r a t e .  The problem of explaining i t  i n  

terms of a two-temperature d i s t r i b u t i o n  a l s o  appears most d i f f i c u l t .  I n  

some r e s p e c t s ,  i t  seems more a t t r a c t i v e  t o  assume t h a t  t he  lower p a r t  of  

t h e  hydrogen cloud c o n s i s t s  mainly of  deuterium, assuming t h a t  t h e  
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deuterium-to-hydrogen r a t i o  h a s  been enriched by f r a c t i o n a t i o n  brought 

about by thermal escape. This explanation a l s o  s u f f e r s  a major d e f e c t  

i n  t h a t  i t  i s  d i f f i c u l t  t o  imagine t h a t  thermal escape p r e v a i l s  over 

o t h e r  escape mechanisms on a p l ane t  l i k e  Venus t h a t  possesses  no s i g n i -  

f i c a n t  i n t r i n s i c  magnetic f i e l d .  The main escape mechanism i s  probably 

t h e  i o n i z a t i o n  of atmospheric p a r t i c l e s  a t  high a l t i t u d e s  ( g r e a t e r  t han  

500 km) and t h e i r  subsequent a c c e l e r a t i o n  away i n t o  i n t e r p l a n e t a r y  space 

by the  e l e c t r i c  f i e l d s  associated with t h e  s o l a r  wind; t h i s  l o s s  mechanism 

would no t  favor hydrogen over deuterium beyond t h a t  degree associated 

wi th  t h e i r  d i f f e r e n t i a l  d i s t r i b u t i o n s  under condi t ions of d i f f u s i v e  

equ i l ib r ium - a degree which appears e n t i r e l y  inadequate t o  account f o r  

t h e  observat ions.  

The atomic hydrogen concentrat ions around Venus a r e  s i g n i f i c a n t l y  

less than those around e a r t h  a t  comparable d i s t ances .  Kurt ' s  (1968) 

observat ions i n  Venera 4 i n d i c a t e  50 cm a t  a d i s t a n c e  of 10,000 km 

from t h e  p l a n e t ' s  c e n t e r  on t h e  n i g h t s i d e ,  whereas Barth 's  d a t a  on t h e  

dayside i n d i c a t e  a l a r g e r  value,  about 200 c m  . However, hydrogen con- 

4 
c e n t r a t i o n s  a t  t h i s  d i s t ance  from the  e a r t h  vary i n  the  range lo3 t o  10 , 

depending upon the  phase of t he  s o l a r  cycle.  

-3  

-3 

A water vapor content of 

above t h e  clouds on Venus i s  an adequate source f o r  t he  hydrogen 

through photodissociat ion;  photodissociat ion of HC1 i s  another  p o s s i b i l i t y .  

The i n t e r a c t i o n  of  t h e  s o l a r  wind with Venus p resen t s  another  problem. 

C l o u t i e r  e t  a l .  (1968) described an i n t e r a c t i o n  of the s o l a r  wind with 

t h e  Cytherean atmosphere t h a t  r e s u l t s  i n  a dev ia t ion  of the flow of  the 

s o l a r  wind around the  p l ane t  a s  a r e s u l t  of a bui ld  up of p a r t i c l e  pressure.  

A d i f f e r e n t  v i e w  of the i n t e r a c t i o n  t o  be expected was put  f o r t h  e a r l i e r  

by Dessler  (1967), i n  which he indicated t h a t  t h e  ionospheric  conduct ivi ty  
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would r e s u l t  i n  a cu r ren t  flow and a magnetic f i e l d  build up above the 

ionosphere of s u f f i c i e n t  s t r eng th  t o  d e v i a t e  t h e  s o l a r  wind. Dessler 

d i d  no t  d i scuss  the  v a r i a t i o n  of magnetic f i e l d  s t r e n g t h  a s  a funct ion 

of a l t i t u d e .  

region of s e v e r a l  hundred kilometers on the  dayside and c o n s t i t u t e s  an 

induced magnetosphere, and t h a t  i t s  o u t e r  boundary coincides  with t h e  

plasmapause observed by the  Mariner Stanford Group (1967) .  Below t h i s  

plasmapause o r  magnetopause, the ionosphere i s  protected from d i r e c t  

i n f luence  of t h e  s o l a r  wind, and above the magnetopause, any ions  formed 

from the ambient atmosphere a r e  r ap id ly  s w e p t  away by the  s o l a r  wind. 

According t o  t h i s  concept,  t he  ionosphere produced i n  an atmosphere by 

s o l a r  u l t r a v i o l e t  r a d i a t i o n  causes the  development of an induced magneto- 

sphere t h a t  o f f e r s  considerable  p r o t e c t i o n  t o  the  atmosphere a g a i n s t  

d i r e c t  bombardment by t h e  s o l a r  wind and l i m i t s  loss  of atmospheric 

p a r t i c l e s  by s o l a r  wind i r t teract ions t o  r a t h e r  modest values - perhaps 

'a few tens of meters of  gas  a t  STP over geologic t i m e .  

It i s  p o s s i b l e  t h a t  t h e  f i e l d  bui ld  up extends over a 

This work was supported by National Aeronautics and Space Administration 

g r a n t  NsG- 269. 
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FIGURE CAPTION 

Figure 1. A summary view of  t h e  atmosphere of  Venus. Temperature and 

C02 concentrat ions a r e  shown as funct ions of a l t i t u d e .  

from 18.5 t o  0 .72  a t m  i s  based upon Venera 4 measurements, but on a 

p l a n e t o c e n t r i c  d i s t a n c e  scale adjusted t o  f i t  Mariner 5 o c c u l t a t i o n  d a t a .  

From 0.72 t o  a t m ,  the  d i s t r i b u t i o n  i s  based on Mariner 5 d a t a  but  

modified t o  agree wi th  atmospheric s t r u c t u r e  concepts associated wi th  

cloud physics.  A t  l e v e l s  above t h e  atm p res su re  l e v e l ,  t he  d i s -  

t r i b u t i o n  i s  i n  gene ra l  agreement with the  c a l c u l a t i o n s  of McElroy. 

The dotted po r t ion  of the temperature curve suggests  a condi t ion with 

cloud top temperatures near  190°K, whereas t h e  s o l i d  curve i n d i c a t e s  

23OoK. The dashed curves suggest p o s s i b l e  temperature d i s t r i b u t i o n s  

below the lowest Sov ie t  measurement, supposing t h a t  t h e  Soviet  probe 

d i d  no t  a c t u a l l y  reach t h e  surface.  Radar da t a  i n d i c a t e  t h a t  t h e  su r face  

i s  located near  t h e  bottom of the f igu re .  
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